The Bruneau-Jarbidge eruptive center in southwestern Idaho is a 95by-55
INTRODUCTION
The Bruneau-Jarbidge eruptive center is an area in eastern Owyhee County, Idaho, from which numerous rhyolite ash-flow and lava-flow units and basalt flows erupted during Miocene and possibly early Pliocene time. It is a structural basin about 95 kilometers long located southwest of, and in line with, the northeast-trending eastern Snake River Plain (Figure 1 ). The eruptive center lies between 115' and 116" west longitude. Its southern margin is a few kilometers north of the Idaho-Nevada boundary near 42O north latitude, and its western margin follows the Grasmere escarpment northward to about 42'40' north latitude (Figure 2 ). The southern and western margins of the eruptive center have been defined by geologic mapping. The northern and eastern margins, however, are covered by later basalt flows, but their positions have been inferred from the regional aeromagnetic pattern and other indirect evidence.
The area underlain by the Bruneau-Jarbidge eruptive center is a virtually unpopulated plateau, generally ranging in elevation from 1,100 meters in the north to 1,800 meters in the south. It is dissected by the canyon of the Bruneau River, which flows northward to join the Snake River, and by the canyons of its principal tributaries, the Jarbidge River, Sheep Creek, and Clover Creek (Figure 2 ). These canyons commonly exceed 300 meters in depth, and their steep to vertical walls provide excellent exposures of the volcanic units underlying the area. The climate is semiarid. Sagebrush and various grasses are the principal forms of vegetation on the plateau, and juniper trees occur at the bottom of many of the canyons.
The Bruneau-Jarbidge region constitutes the southwestern part of the central Snake River Plain (Figure l; also Figure 1 in Mabey, 1982 this volume) . The region contains a large and complex bimodal basaltrhyolite volcanic system that is part of the Snake River Plain volcanic province. Because the area is dissected by several deep canyons and has undergone only minimal structural adjustment since volcanism, much unequivocal stratigraphic and descriptive information has been developed for the volcanic units. In contrast to the Island Park-Yellowstone National Park region at the northeastern end of the volcanic province (Christiansen, 1982 this volume) , where volcanic processes may still be in progress, it appears that the progression of volcanic events has run its course in the Bruneau-Jarbidge region. Geologic studies of the Bruneau-Jarbidge region have provided a better understanding of the evolution of the Snake River Plain volcanic province, and such studies can improve our interpretation of the genesis of the bimodal basalt-rhyolite association.
The principal geologic units in and adjacent to the eruptive center are noted in Figure 3 , which has been generalized from my unpublished mapping and from the compilations by Malde and others (1963) , Hope and Coats (1976) , and Rember and Bennett (1979) . These units include an older group of rhyolitic welded ash-flow and lava-flow units and a younger group of basalt flows. Continental elastic sediments and buried soil horizons occur between many of the volcanic units and are especially abundant around the periphery of the eruptive center.
The rhyolite units associated with forming and filling the eruptive center are part of the Idavada Volcanics; these were succeeded by flows of the Banbury Basalt. The Idavada Volcanics and the Banbury Basalt, which were named by Malde and Powers (1962) , have by subsequent usage become fairly broad in meaning. They include most of the rhyolitic units and many of the basaltic units in the central Snake River Plain as well as some basalt units from farther west. In the Bruneau-Jarbidge area the Idavada Volcanics include an older group of highly welded ash-flow tuff units known as the Cougar Point Tuff and a younger group of rhyolite lava flows.
Southeast, south, and southwest of the BruneauJarbidge eruptive center, the Cougar Point Tuff lies on volcanic rocks of Miocene age (Jarbidge Rhyolite- Coats, 1964 ; and pre-Cougar Point Tuff rhyolite units in the upper Sheep Creek drainage- Bernt and Bonnichsen, 1982 this volume) and Eocene age (Bieroth volcanics-Bushnell, 1967; and Bernt and Bonnichsen, 1982 this volume) . These in turn were deposited on Paleozoic marine sediments and Cretaceous granitic rocks, such as the Cottonwood Creek pluton (Coats and McKee, 1972) . To the northeast in the central Snake River Plain the rhyolite units are covered by the Banbury Basalt and younger sedimentary and basaltic units. To the northwest, the rhyolite in the eruptive center is juxtaposed against other Miocene rhyolite units (tuff of Little Jacks Creek- others, 1981, 1982 this volume) . Although the tuff of Little Jacks Creek overlaps the rhyolite units in the eruptive center in age, the unit-by-unit stratigraphic details between the two groups have yet to be resolved.
The following discussion outlines the nature and the boundaries of the eruptive center and the stratigraphic relations among the volcanic units that erupted from it in order to set the stage for the detailed stratigraphic, descriptive, petrographic, and chemical discussions of the rhyolitic units that follow in this volume (Bonnichsen and Citron, 1982; Bonnichsen, 1982b) . The basalt flows that partially cover the eruptive center are also briefly discussed.
THE BRUNEAU-JARBIDGE ERUPTIVE CENTER

DEFINITION AND EXTENT OF THE ERUPTIVE
CENTER
The Bruneau-Jarbidge eruptive center is named for the two principal rivers and their canyons that cut across eastern Owyhee County (Figure 2 ). The term "eruptive center," as I have used it, does not have a specific genetic or physiographic significance; it is only meant to refer to the geographic region from which were erupted the numerous volcanic units that are discussed in this and the following two articles (Bonnichsen and Citron, 1982; Bonnichsen, 1982b) . Based on the observations noted in the following discussion of its boundaries, the Bruneau-Jarbidge eruptive center encompasses the specific region indicated in Figure 2 .
It would be misleading to refer to the BruneauJarbidge eruptive center as a caldera, because it does not have the required form of a large crater or physiographic basin. Subsidence of the region within the eruptive center did occur during volcanism, however; in this sense the region has evolved in a fashion similar to that of many calderas, caldera complexes, and cauldrons.
The Bruneau-Jarbidge eruptive center encloses several times more area than most calderas, and it may contain one or more buried calderas or a caldera complex, but this has not been proven.
The Bruneau-Jarbidge eruptive center subsided during or following the time in which the Cougar Point Tuff was erupted. It is not yet known if the subsidence was a single event or many separate ones, but separate events seem more probable in view of the numerous Cougar Point Tuff cooling units that were erupted. None of the rhyolite units that issued from the eruptive center are known to have produced a volcano or other sort of constructional vent structure; presumably the eruptions came through fissures which are now buried. The later basaltic volcanism which partially covered the eruptive center, however, formed many relatively small shield volcanoes.
Along its northern and eastern margins the BruneauJarbidge eruptive center merges into the rest of the central Snake River Plain. Thus the eruptive center is part of the even larger, structurally downdropped, central Snake River Plain volcanic system. Although the stratigraphic relations among the rhyolite units and the timing of volcanic events throughout this larger system are not fully known, it is clear that volcanism was occurring elsewhere in the central Snake River Plain during the same time as in the Bruneau-Jarbidge eruptive center. The central Snake River Plain might be thought of as a very large cauldron or a cauldron complex, in a sense similar to that used by Smith and Bailey (1968) or by McIntyre and others (1982 this volume) . In terms of its size, general complexity, and volcanic products, the BruneauJarbidge eruptive center seems quite similar to the caldera complex, described by Christiansen (1982 this volume) , in the Island Park-Yellowstone National Park region at the northeastern end of the Snake River Plain volcanic province.
BOUNDARIES OF THE ERUPTIVE CENTER
The Bruneau-Jarbidge eruptive center is bounded on the south and west by a series of faults and accompanying lateral lithologic changes, but its northern and eastern margins are covered by later units. Circumstantial evidence suggests the eruptive center was a coherent structural basin that formed semiindependently from the rest of the central Snake River Plain.
I have used geologic observations and the regional aeromagnetic pattern (U. S. Geological Survey, 1978) to outline the Bruneau-Jarbidge eruptive center as an oval region 95 kilometers long from northwest to southeast and 55 kilometers wide. It encloses approximately 4,100 square kilometers (Figures 2 and 4) . The eruptive center margin follows the curved intense positive aeromagnetic anomaly along its southern and western sides, and I have drawn the boundary to include the two relatively modest negative anomalies in its northeastern part (see Mabey, 1982 Mabey (1982 this volume) shows that the eruptive center is approximately the same width as, and on line with, the eastern Snake River Plain to the northeast.
Along its southern and western margins, the eruptive center boundary forms the transition zone between welded tuff exposures to the south and west, outside of the eruptive center, and rhyolite lava flow exposures to the north and east, inside the eruptive center. Abundant postrhyolite terrestrial sediments are trapped along this boundary ( Figure 3) ; greater thicknesses occur in and near the margin than to either side because the zone was a moatlike topographic depression that followed the periphery of the eruptive center. Small-displacement faults, consistently down to the north or east, help mark this boundary zone, and past and present hot spring activity is concentrated there. Additionally, in the Cougar Point Tuff units, the thickness and intensity of welding variations and the distribution of primary flow marks (see Figure 20 , Bonnichsen and Citron, 1982 this volume) imply that those units were erupted from the eruptive center, north of where they are exposed.
In the following discussion, I have made note of a number of specific geologic relations that show the nature and location of the boundary zone of the eruptive center. The discussion is arranged so as to progress counterclockwise around the eruptive center periphery, starting from its west side.
In T. 10 S., R. 4 E., the boundary zone is a basaltcovered plain that lies between the west end of the topographically higher Sheep Creek rhyolite on the east side ( Figure 5 ) and the rhyolite units which have been assigned by others (1981, 1982 this volume) to the tuff of Little Jacks Creek on the west. The basalt in this zone evidently came from vents such as Hill 5158 and Poison Butte in T. 11 S., R. 4 E. (Figure 2 ), and flowed northward into the moat zone, being constrained laterally by the topographically higher rhyolite units on either side.
To the south of this, in T. 11-14 S., R. 4-5 E., the boundary zone follows the base of the Grasmere escarpment. This east-facing escarpment has up to 200 meters of relief and extends north-northwestward for 43 kilometers. The key relationship here is that the rhyolite unit to the west, which forms the escarpment (the rhyolite of Grasmere escarpment), is older, but topographically higher, than the Marys Creek rhyolite flow that laps up against the eastern base of the escarpment. This relationship is established in T. 13-14 S., R. 4-5 E., just south of Marys Creek, where a former valley of post-escarpment, but pre-Marys Creek rhyolite age, permitted the Marys Creek rhyolite to flow out of the eruptive center on top of the rhyolite of Grasmere escarpment.
To the southeast, the boundary zone crosses Sheep Creek near the mouth of Cat Creek in the south part of T. 14 S., R. 6 E. In Sheep Creek canyon in sections 32 and 33, the boundary is marked by a gap filled with sediments 1 kilometer across between the southernmost rhyolite lava flow exposures and the northernmost welded tuff exposures. About 100 meters of sediments is exposed in the canyon in this gap. A similar situation exists further southeast in Cat Creek canyon in sec. 4, T. 15 S., R. 6 E. The sediments in the Cat Creek-Sheep Creek area, although poorly exposed, contain deposits of jasper, opal, and diatomite. The diatomite is silicified. The opal and jasper, especially, are indicative of extensive paleo-hot springs activity.
Turning eastward, the boundary zone crosses Bruneau Canyon in the Bull Pens area in T. 15 S., R. 7 E. At this locality ( Figure 6 ) the upper flow of the Cougar Point Tuff (unit XV) is exposed at the surface to the south. It is down-dropped about 100 meters to the north along a west-northwest trending fault. Northward from this boundary fault, the uppermost Cougar Point Tuff unit is exposed in the canyon for nearly 3 kilometers inside the eruptive center before it drops out of sight below the lowermost rhyolite lava flows (Triguero Homestead and Indian Batt flows). Extensive slumping of the canyon walls has occurred north of this boundary fault ( Figure 6 ). This slumping is a consequence of a thick accumulation of only partially consolidated sedimentary and volcanic ash deposits which occur below and between the lava flows lying above the Cougar Point Tuff. These sediments evidently do not extend south of the boundary fault, as there is no canyon-wall slumping to the south of the Bull Pens area ( Figure 6 ); this suggests the sediments were ponded against a preexisting escarpment within the moat zone. Just east of Bruneau Canyon, still within T. 15 S., R. 7 E., a prominent basalt shield volcano-Black Rock Hill-lies on the boundary zone. The westnorthwest trending fault, noted above to mark the south side of the Bull Pens area, strikes directly toward this basaltic vent. Farther east, in T. 15-16 S., R. 8-9 E., the boundary zone is situated in the shallow canyons of Cougar, Dorsey, and Columbet Creeks, between occurrences of the Dorsey Creek rhyolite to the north and exposures of Cougar Point Tuff unit XV to the south. A considerable quantity of sediment (locally up to 100 meters is exposed) was trapped in this area within the moat zone created by the southwest edge of the Dorsey Creek flow and the top of the northward-dipping Cougar Point Tuff. Further to the east the eruptive center boundary crosses the West Fork of Jarbidge Canyon in sets. 15, 16, and 21, T. 16 S., R. 9 E. There, about 150 meters of moat-zone sediment is exposed beneath a cap of Banbury Basalt (Figure 7 ). The sediment-filled gap marking the boundary zone in that area is nearly 3 kilometers across between exposures of the Cougar Point Tuff to the southwest and those of the Dorsey Creek rhyolite to the northeast.
The eruptive center boundary zone crosses the East Fork of the Jarbidge River at Murphy Hot Springs in the NW% of sec. 24, T. 16 S., R. 9 E. Here, the con- East of Jarbidge Canyon, in T. 16 S., R. 10 E., the boundary zone is drawn through a small basalt shield volcano (Hill 5981). East of this in T. 16 S., R. 11 E., and T. 15 S., R. 12 E., the boundary trends northeastward between occurrences of the Three Creek rhyolite flow and the overlying Banbury Basalt to the north, and occurrences of the Cougar Point Tuff to the south. Extensive, generally unconsolidated, sediments occur in the vicinity of the boundary zone in this region (Figure 3 ), apparently filling a moat zone in the same fashion as further west. The boundary zone has been drawn northward, east of Devil Creek, through T. 15 to 12 S., R. 12 E., so as to cross two basalt shield volcanoes-Signal Butte and Marshall Butte (Figure 2 ). In this eastern region, and to the north and northwest, the boundary crosses surface rocks of mainly Banbury Basalt. The older rhyolite units and any structural relations that might be like those noted for the western and southern sides of the eruptive center are buried.
To the northwest of T. 12 S., R. 12 E., I have drawn the boundary zone between the two negative magnetic anomalies within the eruptive center ( Figure  4 ) and the large region underlain by rhyolite northeast of the eruptive center (partially shown in the upper right-hand part of Figure 3 ). The exposures of rhyolite in this northeastern region, which is approximately 50 kilometers long from southeast to northwest by 30 kilometers wide, suggests that this area is This exposure is located where a buried paleoescarpment, marking the margin of the eruptive center, is proposed to exist at the south end of the Dorsey Creek rhyolite flow.
structurally elevated relative to the region to the southwest which has been included within the eruptive center.
Farther to the northwest, in T. 9 S., R. 8-9 E., the boundary zone has been drawn to pass through two more basalt shield volcanoes-Winter Camp Butte and Hill 4418. West of this, the boundary zone crosses Bruneau Canyon in T. 9 S., R. 6 E., just north of Miller Water, so as to include the northernmost rhyolite lava flow exposures in the canyon, occurring at Miller Water, within the eruptive center.
Generally, from T. 12 S., R. 12 E., at the eastern side of the eruptive center to the crossing of Bruneau Canyon in the northwestern part, the boundary zone has been drawn parallel to the northwest-trending faults in that region. At the northwestern end of the eruptive center, however, between Bruneau Canyon and the moat zone in T. 10 S., R. 4 E., where this description of boundary zone commenced, the boundary zone crosses the northwest-trending faults. If an arcuate boundary zone ever existed through this northwestern region as I have drawn it, it has since been buried by a large rhyolite flow (Sheep Creek rhyolite) and further obscured by the development of the northwest-trending faults. Thus, the original nature of the northwest end of the eruptive center remains unknown.
RHYOLITE UNITS
The first rhyolitic magmas erupted from the Bruneau-Jarbidge eruptive center were emplaced as a sequence of welded ash-flow tuff cooling units known as the Cougar Point Tuff. The name, Cougar Point welded tuff, was first proposed by Coats (1964) for the excellent exposures at Cougar Point in the East Fork of Jarbidge Canyon in northernmost Nevada (Figure 2) . Coats (1964, p. M13-M14) regarded the Cougar Point area as the type locality and noted that similar rhyolitic rocks in the margins of the Snake River Plain from as far east as the Goose Creek area in Cassia County to as far west as western Owyhee County and as far north as the Mount Bennett Hills near Mountain Home on the north side of the Snake River Plain were to be included in the Cougar Point welded tuff. However, the name ldavada Volcanics, which earlier had been applied to the same rhyolitic rocks in this wide region by Malde and Powers (1962) , has been used by most geologists.
The meaning of the term, Cougar Point Tuff, as it has been used in this paper, in the accompanying paper (Bonnichsen and Citron, 1982 this volume) , and in two previous reports (Bonnichsen, 1981 and , is more restricted than the usage of Coats (1964) . The definition used here is that the Cougar Point Tuff refers specifically to those Miocene-age rhyolitic welded-tuff units that were eruptedfrom the Bruneau-Jqrbidge eruptive center. Thus, I consider the Cougar Point Tuff to be a subdivision of the ldavada Volcanics. As noted in the accompanying paper (Bonnichsen and Citron, 1982 this volume) the Black Rock escarpment area on the east side of Bruneau Canyon in T. 16 S., R. 7 E. (Figure 2) , is recommended as the best reference section for the Cougar Point Tuff; it is a more complete section than the one at Cougar Point.
The Cougar Point Tuff consists of several cooling units separated by layers of sediment and unconsolidated tuff. The units found so far have been given the Roman numeral designations of Ill, V, VII, IX, X, Xl, XII, XIII, and XV. The basis of this current nomenclature system, and the previous ones, is discussed in Bonnichsen (1981) and Bonnichsen and Citron (1982 this volume) . The individual cooling units in both the Jarbidge Canyon and Bruneau Canyon areas are listed in stratigraphic order in Figure 10 , and their magnetic polarities, as determined by fluxgate magnetometer measurements, are noted in Table 1 . These units are exposed on both sides of the Idaho-Nevada border between 115" and 116' longitude ( Figure 3) . The Cougar Point Tuff also extends east of 115" longitude, but since unit-byunit stratigraphic studies are incomplete in that the discussion here and in Bonnichsen and Citron (1982 this volume) considers only the relationships west of 115" longitude. Each of the Cougar Point Tuff units is described in Bonnichsen and Citron (1982 this volume) .
West of the Bruneau River, mainly between Sheep Creek and Cat Creek (Figure 2) , Bernt (1982) has mapped a sequence of welded ash-flow units within the Cougar Point Tuff. These Cougar Point Tuff units were assigned numbers by Bernt ranging from unit 8 for the youngest to unit 1 for the oldest. Most of the units noted by Bernt have an equivalent at Black Rock and farther east. These probable correlations are discussed further in Bonnichsen and Citron (1982 this volume) . However, at least one of Berm's units--unit S-evidently does not extend as far east as Black Rock. This unit has not yet been assigned a designation in the Roman numeral nomenclature scheme.
Two older welded-tuff units in the area between Sheep Creek and Cat Creek-the Whiskey Draw rhyolite and the Rattlesnake Draw tuff--have been identified (Bernt and Bonnichsen, 1982 this volume); they are petrologically and chemically similar to the lowest Cougar Point Tuff units which overlie them. At present, it is not clear if these units should be assigned to the Cougar Point Tuff, or if they had a source outside the Bruneau-Jarbidge eruptive center.
A large rhyolite unit is exposed on Grasmere escarpment for many kilometers along the western side of the eruptive center. This unit is referred to as the rhyolite of Grasmere escarpment, and it probably consists of one, or locally more, welded ash-flow tuff cooling units; but it has been examined in only a cursory fashion. It has been traced westward into the multi-flow rhyolite unit, referred to as the tuff of Little Jacks Creek others, 1981 and 1982 this volume) , and southeastward into the Cougar Point Tuff. The rhyolite of Grasmere escarpment has been included as part of the Cougar Point Tuff in Figure 3 ; it occurs in T. 11-14 S., R. 4-5 E,, along the left-hand side of the figure.
At most localities, the rhyolite of Grasmere escarpment is a dense lithoidal unit generally 100 to 200 meters thick. At some localities, its upper part is vitrophyre containing abundant flow streaks, folded flow bands, and sheeting joints. The local presence of vitrophyre in the middle of the unit suggests that it may be a compound cooling unit. The unit has reverse magnetic polarity (Table 1) .
Cougar Point Tuff and the tuff of Little Jacks Creek can be resolved.
To the southeast, the rhyolite of Grasmere escarpment merges into the Cougar Point Tuff, but it has not yet been established which, if any, of the units described in Bonnichsen and Citron (1982 this volume) might be equivalent to it. If the rhyolite of Grasmere escarpment is the same as any of the units exposed at Black Rock, its reverse magnetic polarity would restrict the choice to units XI, VII (Table I) , or perhaps III.
To the north, the rhyolite of Grasmere escarpment has been shown by Dan Kauffman (personal communication) to be near the base of a sequence of about ten rhyolite units that constitute the tuff of Little Jacks Creek in the canyons of Big Jacks Creek and Little Jacks Creek.
Situated to the north of and lying stratigraphically above the Cougar Point Tuff are several large rhyolite lava flows, Geologic mapping along the southern and western margins of the eruptive center has shown that these flows are almost totally confined to the interior of the eruptive center where they originated. Some were limited in their area1 distribution by topographically elevated regions around the periphery of the eruptive center, which probably developed as a result of regional subsidence during and after the eruption of the Cougar Point Tuff but before most of the lava flows were emplaced. The stratigraphic positions of the individual rhyolite flows are shown in Figure 10 , and their magnetic polarities are listed in Table 1 . These flows are described and discussed in detail in the accompanying paper (Bonnichsen, 1982b) .
BASALT FLOWS
The rhyolite of Grasmere escarpment very likely More than half of the eruptive center is covered by formed from voluminous quantities of rhyolitic magma the Banbury Basalt (compare Figures 2 and 3) . It is from the Bruneau-Jarbidge eruptive center, although more abundant and thicker in the eastern part than in this has not yet been firmly established. Further the west. The basalt was erupted from a large number investigations are needed to clarify the exact stratiof shield volcanoes, many of which have been identigraphic position of this unit before the stratigraphic fied. Altogether, about forty basalt volcanoes are relationship between the individual units forming the known to occur within the eruptive center (Figures 2 of Idaho and 3) including some along the boundary zone and two just to the south (Hills 6006 and 6475) that fed flows into the eruptive center. A few additional volcanoes undoubtedly contributed basalt to the area, but either they are such inconspicuous hills that they are unrecognizable as vents, or they have been partially to completely buried by later flows.
Most of the basalt volcanoes within the eruptive center fall into one of three generally north-northwest trending zones. Nearly half are within a IO-kilometerwide band stretching across the eruptive center from Hill 5981 (T. 16 S., R. 10 E.) on the south side to Hill 4418 (T. 9 S., R. 8 E.) on the north. A second concentration occurs in the east, from Signal Butte and Little Grassy Hill on the south to Horse Butte on the north; and a third concentration is near the western margin from Hill 5250 on the south to Hill 5 158 on the north. Only a few basalt volcanoes do not occur in one of these bands or elsewhere on the eruptive center margin.
One basalt unit, the Indian Springs basalt, is intercalated within the succession of rhyolite lava flows in the eruptive center. It occurs beneath the Dorsey Creek rhyolite (Figure 10 ; Figure 8 in Bonnichsen, 1982b this volume) and the lower rhyolite at Poison Creek, and above the Bruneau Jasper and Long Draw rhyolite flows, so that it is part of the Idavada Volcanics. Nevertheless, the Indian Springs basalt seems to be chemically and petrographically like the younger Banbury Basalt units that cover the eruptive center. Other basalt flows in the eruptive center may also be older than some of the rhyolite flows, but the direct stratigraphic evidence by which to evaluate this is lacking. The lower basalt unit in the Triguero Homestead area of Bruneau Canyon (LB in Figure 10 , and in Figure 2 of Bonnichsen, 1982b this volume) is a good candidate because it occurs beneath nearly 100 meters of pre-Black Rock basalt sediments.
The basalt volcanoes in the Bruneau-Jarbidge eruptive center are notably inconspicuous, because they have very low profiles ( Figure II is a good  example) . This is true even though the vents have undergone minimum dissection because of erosion. Many have craters preserved at their tops, and all essentially have their original outline and form preserved. All of the basalt volcanoes associated with the eruptive center are low-profile shields. Many are approximately circular in plan and have smooth profiles, but a few are somewhat elongate (typically along a northwest-trending axis) and others have irregular to complex forms and are characterized by multiple vents.
Margi Jenks (personal communication) has recently measured the height, average diameter, and side slope for most of the basalt volcanoes in the BruneauJarbidge eruptive center. She has found that for thirty-six of the volcanoes the height ranges from 20 to 100 meters, with an average of 50 meters, and the diameter ranges from 1.5 to 7.3 kilometers, with an average of 3.2 kilometers. The side slopes vary from 2 to 7 percent, and the average side slope for the thirty vents for which she was able to make reliable measurements is 4.5 percent. These relatively small sizes and low profiles for the basaltic vents in the Bruneau-Jarbidge eruptive center indicates that the basaltic volcanism there was similar to the "plains" style of volcanism proposed to characterize the eastern Snake River Plain by Greeley (1982 this volume) .
For most of the individual basalt units, a definite geomorphic distinction can be made between the basaltic outflow sheet and the shield constructed over the zone where basalt was erupted. Most of the outflow sheets consist of one to several, but rarely more than about ten, basalt flows deposited in a flowon-flow arrangement with no intervening sedimentary interbeds. No evidence has been found to suggest that any of the volcanoes erupted basaltic lava at widely spaced intervals in time. Rather, it appears that each basaltic shield and accompanying outflow sheet resulted from the injection of a batch of magma into the upper crust and the eruption of part of that material as a single flow, or as a succession of flows closely spaced in time. The proximity of some volcanoes suggests that in some instances more than one volcano was formed during the extrusion of lava from different parts of the same shallow magma chamber.
Lava tubes are essentially absent from the many kilometers of canyon-rim basalt throughout the region and few situations suggest that even localized channelization occurred as the basaltic lava spread, except near the margins of the outflow sheets. Much of the basalt evidently spread as thin sheets constrained primarily by preexisting topographic irregularities and by the regional tilt of the land. Several of the outflow sheets are elongate, mainly northwards from their sources, following the regional tilt of the landscape that existed when they erupted. The lack of lava tubes and the scarcity of narrow channelization features (lava rivers and other distributaries) within individual flows probably resulted from a combination of relatively rapid effusion rate and low viscosity so that sheet-flow resulted. In this respect, the flows within the Bruneau-Jarbidge eruptive center differ from many of those in the eastern Snake River Plain, where geologists have noted many extensive lava tube systems (Greeley, 1982 this volume; King, 1982 this volume; Kuntz and others, 1982 this volume) .
Although the various basalt outflow sheets have yet to be completely mapped, it is clear that some are Locally, thicker flows have been found, and they very likely represent situations where the lava became ponded in some sort of topographic depression. Shallow enclosed depressions, generally irregular in outline and up to about a half kilometer across, are a common feature near the margins of several of the outflow sheets; these probably resulted where late-stage draining away of lava occurred after the top of the flow had crusted over.
In hand sample the basalt ranges from dark gray or brown to nearly black, and from massive to quite vesicular. Scoriaceous basalt is restricted mainly to the upper parts of the shield volcanoes. The basalt is typically quite fresh, except for the common weathered surfaces that normally are less than a millimeter thick.
In thin section most basalt samples have a distinct groundmass-representing the lava that crystallized after emplacement-and distinct phenocrysts-representing intertelluric crystals carried from depth. The groundmass varies in texture and carries plagioclase, a single clinopyroxene (probably subcalcic augite), and opaque oxides. Interstitial very dark glass and small olivine grains are also common. Neither hypersthene nor pigeonite has been observed in the groundmass, although the latter would closely resemble the Ca pyroxene and could easily escape detection.
The phenocryst minerals are plagioclase and olivine. In addition, small, equant opaque grains, presumably Cr-Al spinels, occur in some rocks. Most basalt units contain both olivine and plagioclase phenocrysts, although the grains may be widely scattered and their relative abundances vary markedly from flow to flow. Some, however, have only one of the minerals, and a few flows are aphyric, or practically so. Olivine phenocrysts typically are subhedral, but other forms occur, including embayed grains and multiple-grain clots. Olivine phenocrysts commonly have thin to prominent oxidized rims. Presumably this oxidation occurred during the time of surface flowage. Plagioclase phenocrysts typically are laths, and loose clusters of laths occur in a few units. The plagioclase typically is seriate, with all sizes of grains ranging from tiny groundmass crystals to the largest phenocrysts occurring together. Olivine, however, rarely shows a seriate texture. The opaque microphenocrysts may be dispersed in the groundmass, but more typically they occur attached to the surface of the olivine phenocrysts or embedded within them. The collective petrographic characteristics of the basalt units in the Bruneau-Jarbidge eruptive center are very much like other Snake River Plain basalt units, such as those described by Stone (1967) or reviewed by Leeman (1982b this volume) .
The chemical compositions of four basalt samples from the Bruneau-Jarbidge eruptive center, selected from about forty available, are presented in Table 2 . These analyses illustrate the range of basalt compositions in the eruptive center, and show that a single, multi-flow basalt unit erupted from one vent can vary nearly as widely in its chemical composition as the variation noted among all of the flows in the region. Table 2 are at opposite ends of the compositional range for basalt in the eruptive center. Note that analysis 4 is considerably enriched in iron, TiOz, K20, and P205 and impoverished in A1203, CaO, and MgO compared with analysis 1. Analyses 2 and 3 show a difference similar to that between I and 4, although 2 and 3 are compositionally a little closer together than are 1 and 4. Both 2 and 3 are from the Black Rock basalt; 2 is from an early erupted flow which travelled a long distance whereas 3 is from a small diabase plug in the throat of the vent (Black Rock Hill), and which presumably represents the very last lava erupted. Leeman (1982b this volume) has suggested that the basalt associated with the Snake River Plain can be divided into two intergradational categories. Most analyses, which he refers to as Group 1, have compositions similar to those illustrated by analyses 3 and 4 of Table 2 , or are slightly enriched in A1203, CaO, and MgO and slightly impoverished in iron, Ti02, K20, and PzO~, so as to have compositions generally intermediate between 2 and 3. Leeman notes that a few analyses, compared with his Group I type, have more abundant CaO and AhO,, and are impoverished in TiOz, Pros, and K20; he refers to these as the Group II type. Analyses I and 2 in Table 2 clearly fall within Leeman's Group II category.
Analyses 1 and 4 in
The basalt composition represented by analyses I and 2 of Table 2 also clearly falls in the high-alumina I. Sample I-961, unnamed basalt flow, NW'/4NW% sec. 22, T. 15 S., R. 8 E.; probably erupted from Hill 6475, northern Nevada.
2. Sample I-438, Black Rock basalt, SW%NW% sec. 14, T. 14 S., R. 6 E.;erupted from Black Rock Hill, T. IS S., R. 7 E.
3. Sample I-858, small diabasic basalt plug, NW%SE% sec. 21, T. 15 S., R. 7 E., in throat of Black Rock Hill volcano.
Sample
I-971, unnamed basalt flow, NWl/aNW% set 22, T. IS S., R. 8 E.; source vent is not known. basalt category recognized by Kuno (1968) a basalt type that in some aspects of its chemistry (sum of K20 and Na20 for a given SiO2 content) is intermediate between alkali olivine basalts and tholeiites, and that for aphyric rocks is characterized by more than 16.5 percent of A1203. The analyzed samples of the Group II type of basalt from the Bruneau-Jarbidge eruptive center (1 and 2 of Table 2 , and a few additional unreported analyses) typically are practically aphyric, generally with less than 1 percent of phenocrysts.
In classifying the Bruneau-Jarbidge eruptive center basalts by their C.I.P.W. normative constituents in the quartz-olivine-nepheline-clinopyroxene "basalt tetrahedron"
of Yoder and Tilley (1962) , all of my unpublished basalt analyses from the eruptive center plot within the hypersthene-olivine-plagioclase-clinopyroxene portion of the tetrahedron, if relatively high FeO/FelOr ratios, such as 4 or more, are assumed. Stone (1967) for example, shows that western Snake River Plain basalt FeO/FelO, ratios typically are greater than 4 and may range above 10. This hypersthene-olivine normative behavior indicates that the Bruneau-Jarbidge area basalt is olivine tholeiite. In this respect, the basalt is like that elsewhere in the Snake River Plain (for example, see Leeman, 1982b this volume) . No hybridized or evolved basaltic rocks, similar to those that Leeman (1982~ this volume) has described from various Snake River Plain localities, have so far been found in the Bruneau-Jarbidge eruptive center.
I believe that most of the compositional variation in the Bruneau-Jarbidge region basalt flows resulted from the selective extraction of olivine and plagioclase crystals within crustal magma chambers, perhaps as a result of crystal settling. This explanation is consistent with the common occurrence of those two minerals as phenocrysts, and is in accord with the interpretation of others (see Leeman, 1982b for example) for the diversity of basalt compositions elsewhere in the Snake River Plain. If this is the case, then the least differentiated (or most primitive) magmas known to exist in the Bruneau-Jarbidge eruptive center are represented by analyses I and 2 of Table 2 , and are typical high-alumina basalts. Fractional crystallization and separation of the early formed olivine and plagioclase crystals from various magma batches have resulted in marked enrichment of iron, Ti02, PzOS, and KrO, slight to moderate enrichment of MnO and Na20, and impoverishment of AhOx, CaO, and MgO in the residual magmas, while little change, or a slight decrease, in the silica content has occurred. This iron-enrichment differentiation trend is typical of basalts from throughout the Snake River Plain-Yellowstone National Park area (see Leeman, 1982b and 1982~ this volume) .
GEOLOGIC HISTORY
Three temporally overlapping stages of volcanism occurred during the evolution of the Bruneau-Jarbidge eruptive center. The first stage was the eruption of several large silicic ash flows to form the Cougar Point Tuff cooling units. The second was the eruption of several additional silicic magma batches as rhyolite lava flows. The third was the eruption of numerous batches of basaltic magma.
During the formation of the Cougar Point Tuff, sufficient time elapsed between the eruption of the individual cooling units for sedimentary interbeds to be deposited and, in some cases, for the Earth's magnetic field to reverse its polarity (Table I) . The time at which the ash-flow eruptions began, although not known precisely, was about 12 million years ago. The available radiometric dates suggesting this (Table  3 ) are the (minimum) age of 11.3 million years for Cougar Point Tuff unit VII and the age of 11.22 million years for the rhyolite of Grasmere escarpment. As noted previously, the rhyolite of Grasmere escarpment is thought to be part of the Cougar Point Tuff, even though its exact stratigraphic position has not been determined.
It is unclear if the 12.5-million-year age (Table 3 ) of the Cougar Point welded tuff sample from near Mountain City, Nevada, reported by Coats (1968) is relevant to dating the Cougar Point Tuff volcanism, as the unit has been redefined in this article to include only those cooling units with the Bruneau-Jarbidge eruptive center as their source. Since Coats (1964) considered the Cougar Point welded tuff to be a unit of broad regional extent and since the location of the dated sample he reports is considerably west and south of the main Cougar Point Tuff area, there is no assurance that the material which provided the 12.5-million-year age came from the Bruneau-Jarbidge eruptive center. It easily could have come from some other location, probably to the west.
The second stage of volcanism commenced with the general change from ash-flow eruptions to the extrusion of rhyolite lava flows. This was not an abrupt change but was gradational, as it has been established that rhyolite lava flows are intercalated in the upper part of the Cougar Point Tuff sequence (Bonnichsen and Citron, 1982 this volume; Bonnichsen, 1982b this volume) . In all probability, the eruptive center had developed as a structural and topographic basin by the end of the ash-flow volcanism. The virtual confinement of the later rhyolite lava flows to its interior, and the downfaulting of the upper Cougar Point Tuff units at its margin ( Figures  6 and 8 ) support this interpretation.
The form of the southern and western parts of the eruptive center when the ash-flow volcanism ceased was probably much like it is today, except that the later volcanic and sedimentary materials had yet to be deposited. It would have been a pronounced topcgraphic basin at that time, but has since been practically filled. About the only vestige of this former topographic basin remaining is the Grasmere escarpment, which formed its west side.
The sequence of events during the evolution of the eruptive center that led to its completed form by the end of Cougar Point Tuff volcanism has not been resolved entirely, because the uppermost ash-flow units and succeeding volcanic units cover nearly all the terrain in the region. Its very large size suggests that the eruptive center probably evolved to its final form by a series of subsidences rather than forming The absolute time by which the eruptive center had completed its subsidence is not well established, but it may have been between I1 and 10 million years ago, based on the 11.3-million-year radiometric date for Cougar Point Tuff unit VII and the 9.88-million-year date for the Sheep Creek rhyolite (Table 3) . Stratigraphically, however, the time of subsidence appears to be tightly bracketed between the deposition of Cougar Point Tuff unit XV, which (as shown in Figure 6 ) is cut by boundary zone faults, and the emplacement of the Triguero Homestead rhyolite lava flow, which postdates the faulting. As indicated elsewhere (Bonnichsen, 1982b this volume) unit XV and the Triguero Homestead flow appear to be part of the same cycle of volcanism and both probably were erupted during the same paleomagnetically normal time interval (Table 1) .
The stratigraphic time limit for the subsidence at the eruptive center margin is not nearly as tightly constrained to either the west, along the Grasmere escarpment, or to the east, in the Jarbidge River and Clover Creek drainages, as it is in the Bruneau Canyon area where unit XV is juxtaposed against the Triguero Homestead flow. No direct evidence is available to indicate whether the subsidence in these widely separated areas was synchronous or occurred at different times.
During the second stage of volcanism the size of the rhyolite flows appears to have changed from large (10 cubic kilometers or greater) to enormous (as large as 200 cubic kilometers).
As noted in Bonnichsen (1982b this volume) the older rhyolite lava flows (Figure 10 ) for which the volume has been estimated (Triguero Homestead rhyolite, Cedar Tree rhyolite, Indian Batt rhyolite, and Long Draw rhyolite) seem smaller than the later units (Sheep Creek rhyolite, Dorsey Creek rhyolite, and the rhyolite of the JuniperClover area).
This eruption-volume change suggests that about 10 million years ago major northwest-oriented faulting, probably accompanying northeastward extension perpendicular to the faults, was initiated across the middle and northeastern part of the eruptive center. The extrusion of the voluminous Sheep Creek and Dorsey Creek flows, and the rhyolite of the JuniperClover area accompanied this postulated rifting. At the same time, the structural integrity of the eruptive center was disrupted, especially in its northeastern part, where further down-dropping to the north may have occurred.
These very large rhyolite flows are on line with, and southeast of, the northwest-southeast trending southwestern margin of the western Snake River Plain (Figure 1 ; and see Figures 1-4 in Mabey, 1982 this volume; Figure 2 in Leeman, 1982a this volume; Figure I in Ekren and others, 1982 this volume) . The southwestern margin of the western Snake River Plain is a zone that underwent extensive faulting and probable northeastward extension during the development and subsidence of that part of the Snake River Plain. Rhyolitic magmas probably were erupted from that marginal zone as extension occurred to form some of the rhyolite units that Ekren and others (1982 this volume) have described in the northwestern part of Owyhee County.
As indicated in Table 3 , the age of the Sheep Creek rhyolite seems very close to that of two units of the tuff of Little Jacks Creek (Ekren and others, 1982 this volume) situated just west of the northwestern part of the Bruneau-Jarbidge eruptive center. These units within the tuff of Little Jacks Creek also lie along the southwestern margin of the western Snake River Plain and appear to be part of the group of rhyolite flows which erupted from that northwest-southeast trending zone. Rhyolitic volcanism along the southwestern margin of the western Snake River Plain and extending southeastward from that zone into the Bruneau-Jarbidge eruptive center evidently lasted to about 8 million years ago, since that is the approximate age of the Dorsey Creek rhyolite flow (Table 3) . It may have lasted even longer if the undated rhyolite of the Juniper-Clover area or if the Three Creek rhyolite flow are younger. Thus, taking into account the ages that Armstrong and others (1980) report for some of the later rhyolite units which Ekren and others (1982 this volume) describe in northwestern Owyhee County (tuff of Browns Creek, I I .O * 0.7 m.y. and 11.4 i-0.6 m.y.; Jump Creek rhyolite, 11.1 -t 0.2 m.y.; and the tuff of Little Jacks Creek, Table 3 ) it appears that, as time passed, the location of silicic volcanic eruptions shifted eastward from the southwestern margin of the western Snake River Plain to its southeastward extension into the Bruneau-Jarbidge eruptive center. This shift is consistent with previous observations that silicic volcanism generally has migrated eastward in the Snake River Plain (Armstrong and others, 1975; Armstrong and others, 1980; Leeman, 1982a this volume; Hart and Aronson, in press ).
The third major episode of volcanism in the evolution of the Bruneau-Jarbidge eruptive center was basaltic, The change from the extrusion of rhyolite lava flows to the extrusion of basalt flows was gradual, as shown by the occurrence of the Indian Springs basalt beneath the Dorsey Creek rhyolite and beneath the lower rhyolite at Poison Creek ( Figure 10) ; but most of the basalt in the area postdates the rhyolitic volcanism.
The thinness of the basalt flows in most parts of the eruptive center shows that the basaltic volcanism had little effect on the nature of the terrain, except to fill in low-lying areas such as the moat zone in the northwestern part ( Figure 5 ) and to cover much of the area with a veneer of basalt. By the time many of the basalt flows erupted, the terrain over the eruptive center had acquired a gentle northward slope toward the Snake River. This is indicated by the elongate northward trend established by the outflow sheets of many of the basalt units that erupted within the eruptive center. The outflow sheet for the Black Rock basalt, which extends for at least 20 kilometers north of its vent at Black Rock Hill, is a good example. The eruption of the numerous batches of basaltic magma apparently finished the volcanic evolution of the eruptive center.
As discussed in Bonnichsen (1982b this volume) , this final basaltic volcanic episode probably was a continuation of a long sequence of injections of basaltic magma into the crust which earlier had caused the melting of the rhyolite magmas from buried crustal rocks. By the time of basaltic volcanism, however, the underlying crustal zone had been extensively fractured and generally depleted of its less dense rhyolitic fraction, and probably had undergone considerable vertical subsidence, so that the later batches of basaltic magma were able to rise to the surface.
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